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ABSTRACT: 

PROBLEM TO BE SOLVED: To impart excellent press formability to a steel sheet 
by composing an oxidized film provided on a galvanizing layer of an Fe oxide, a 
Zn oxide and/or an Al oxide and specifying the coating weight of these oxides 
and the surface roughness of the oxidized film. 

SOLUTION: In a galvanized steel sheet provided with an oxidized film on a 
galvanizing layer, the oxidized film is composed of an Fe oxide (such as Fe203, 
Fe304 or the like), a Zn oxide [such as ZnO, Zn(OH)2 or the like] and/or an Al 
oxide (such as AI203 or the like). As to the coating weight of these oxides, 
as Fe, it is controlled to 1 to 500 mg/m2, desirably to 10 to 400 mg/m2, and 
the coating weight of Zn and/or Al satisfies the inequality of 1 
mg/m2≤(Zn/50+AI/2)≤30 mg/m2 [the units of Zn and Al are mg/m2]. 
Moreover, the surface roughness of the oxidized film is controlled to ≤1 .2 
μm, desirably to ≤0.9 μm by the arithmetic average roughness (Ra) 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 

3 . In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the melting zinc system plating steel plate which is a zinc system plating steel plate 
equipped with the oxide film on the zinc system plating layer, and this oxide film consists of Fe system 
oxide, a Zn system oxide, and/or an aluminum system oxide, and the amount of 1 - 500 mg/m2, Zn, 
and/or aluminum fills [ the coating weight ] the relation of the following formula as Fe, and is 
characterized by the surface roughness of this oxide film being 1.2 micrometers or less in arithmetic 
mean granularity.; 

The unit of 1 mg/m2 <=(50+aluminum [ Zn/]/2) <=30 mg/m2, however Zn and aluminum is mg/m2. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the zinc system plating steel plate excellent in press- 
forming nature suitable as materials, such as an automobile, home electronics, and a building. 
[0002] 

[Description of the Prior Art] Press forming of the materials, such as an automobile, home electronics, 
and a building, is carried out, and they are assembled, painted and used in many cases. As a material 
used for these, it is cheap, and the melting zinc system plating steel plate which is excellent in corrosion 
resistance is used widely. It is made important for many engine performance, such as press-forming 
nature, paintwork or chemical conversion nature as a paint substrate, weldability, or an adhesive 
property, to be excellent in a melting zinc system plating steel plate in addition to corrosion resistance. 
[0003] Among zinc system plating steel plates, since the plating layer is elasticity, in case a steel plate 
slides on a metal mold front face at the time of processing of press forming etc., an adhesion 
phenomenon arises between a plating layer and a metal mold front face, the piece of plating to which 
surface damages, such as excoriation, occurred and exfoliated on the plating front face pushes in a hot- 
dip zinc-coated carbon steel sheet, and it has problems, such as becoming the cause of a defect. When 
using a hot-dip zinc-coated carbon steel sheet for the exterior parts of an automobile etc., in order to 
improve paint film adhesion and spot welding nature, the alloying hot-dip zinc-coated carbon steel sheet 
which used the plating layer as the Fe-Zn alloy is used. At the time of press forming, powdering 
(powdering) of a plating layer and the phenomenon (flaking) of exfoliating in a thin film integrated 
circuit may occur, the piece of exfoliation may adhere to metal mold, and an alloying hot-dip zinc- 
coated carbon steel sheet may cause a pushing crack. 

[0004] In order to solve such a trouble, metal plating is further performed to a plating layer front face, or 
the technique of raising the sliding nature between metal mold and a plating layer is indicated by the 
approach of making various kinds of oxides adhere etc. 

[0005] The zinc system plating steel plate which equipped the front face with the coat which contains in 
JP,3-287784,A one sort of the group which consists of Zn oxide, Mn oxide and a phosphoric acid and 
Mo oxide, a W oxide, and a V oxide, or two sorts or more is indicated. Although this steel plate aims at 
having press-forming nature, chemical conversion nature, and weldability, there is a problem of some 
metallic oxides dissolving and polluting chemical conversion liquid. 

[0006] The manufacture approach of the plating steel plate which forms an iron system alloy 
electroplating layer on an alloying hot-dip-zincing layer is indicated by JP,4-202786,A and JP,4- 
202787,A. These prepare the electroplating layer which has detailed irregularity in a front face as a 
middle plating layer on an alloying hot-dip zinc-coated carbon steel sheet, and they are the approaches 
of giving iron system alloy electroplating on it, and according to the effectiveness of the above- 
mentioned middle plating layer, the crack initiation of the plating layer which is easy to produce at the 
time of press forming is prevented, and they aim at raising electropainting nature and a moldability . 
However, with the technique currently indicated here, since it was necessary to prepare a multilayer 
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electroplating layer on a hot-dipping layer, there was a problem that a manufacturing cost was high. 
[0007] The zinc system plating steel plate equipped with the Fe-nickel-0 system coat on the zinc system 
plating layer is indicated by JP,8-158066,A. For this steel plate, the coating weight of the above- 
mentioned coat is 10-1500mg/m2 by total quantity conversion of the metallic element in the above- 
mentioned coat. It is in within the limits and has the coat which contains oxygen 0.5 to 30%. However, 
the steel plate currently indicated here is heated in an oxidizer, atmospheric air, and the mixed ambient 
atmosphere of ozone, when an oxygen content is adjusted, it is, and a manufacturing cost benefits high 
the increment in a routing counter required for supply management and heat-treatment of an oxidizer 
etc. Moreover, since the management precision of an oxygen content is not good, there is a problem that 
the improvement effect of press-forming nature is not enough. 

[0008] The conventional alloying hot-dip zinc-coated carbon steel sheet has good chemical conversion 
nature and spot welding nature after press forming, and if press-forming nature is removed, it has the 
engine performance good as materials, such as a sheathing application of an automobile, and home 
electronics. 

[0009] Although it was desirable to have raised press-forming nature, maintaining the good engine 
performance with which the alloying hot-dip zinc-coated carbon steel sheet is equipped, as stated above, 
the technique indicated until now was not enough as the improvement effect. 
[0010] 

[Problem(s) to be Solved by the Invention] The purpose of this invention does not have damage on the 
front face on the occasion of press working of sheet metal, and is to offer the hot-dip -zincing system 
steel plate in which a moldability, chemical conversion nature, etc. were synthetically excellent. 
[0011] 

[Means for Solving the Problem] While lessening deformation resistance of the plating layer by metal 
mold and raising sliding nature by covering a plating layer front face by the coat more nearly hard than a 
plating layer, metallic contact with a plating layer can be prevented and the adhesion phenomenon 
between a plating layer and metal mold can be prevented. 

[0012] What is necessary is just to make the coat containing calcium compounds, such as CI 
compounds, such as S compounds, such as a coat with sufficient affinity with a press oil, for example, 
nickel, Mn oxide, or sulfurized oil fat that has a track record as an extreme pressure additive, and 
chlorinated paraffin, and phosphoric-acid zinc calcium, etc. ** in preparation for a plating layer front 
face by hard, if it aims only at the improvement of the sliding nature of a hot-dip-zincing layer. 
However, by this approach, after giving these coats, the check of the chemical conversion engine 
performance, the check of the adhesive ability by adhesives, a corrosion resistance check, etc. need to 
check many engine performance. For example, if it is a material for automobile sheathing, when the 
final check of the engine performance of a material will take great costs, such as real vehicle test 
evaluation, and a man day, by the time it obtains an evaluation result, a long period of time will be 
required. 

[0013] It is known that the oxide film of a metallic element has a very hard thing. Therefore, in order to 
improve sliding nature without reducing engine performance other than press-forming nature, it is good 
to have the oxide film which has chemical composition the same as that of the alloying hot-dip-zincing 
layer which has a track record over chemical conversion nature or spot welding nature from the former, 
or similar. 

[0014] this invention persons have improved sliding nature from such a viewpoint, without reducing 
engine performance other than press-forming nature, and the relation between a these oxides' existence 
condition and various kinds of engine performance as a plating steel plate was studied in the detail as an 
oxide film which moreover does not need facility reconstruction etc. but can be given cheaply paying 
attention to the oxide of Fe system, aluminum system, and Zn system, consequently, both press-forming 
nature, chemical conversion nature, and electropainting nature were good because these oxides consider 
as the specific oxide film with which it comes out comparatively and is intermingled, and the knowledge 
of there being conditions which cost can moreover manufacture at a low price was carried out. 
[0015] In order to have maintained chemical conversion nature etc. good, after choosing the element of 
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an oxide film as mentioned above, it is important that these oxide films are made not to be destroyed till 
press-forming completion further. It is easy to generate especially destruction of an oxide film by the 
part which planar pressure with metal mold increases locally by the heights on a coat. In order to lessen 
the increment in planar pressure in such a local part, it is smooth and it good to consider as the large 
plating front face of a touch area. 

[0016] It is completed based on these knowledge and this invention has the summary in the following 
zinc system plating steel plate. 

[0017] It is the zinc system plating steel plate which is a zinc system plating steel plate equipped with 
the oxide film on the zinc system plating layer, and this oxide film consists of Fe system oxide, a Zn 
system oxide, and/or an aluminum system oxide, and the amount of 1 - 500 mg/m2, Zn, and/or 
aluminum fills [ the coating weight ] the relation of the following formula as Fe, and is characterized by 
the surface roughness of this oxide film being 1.2 micrometers or less in arithmetic mean granularity.; 
the unit of 1 mg/m2 <=(50+aluminum [ Zn/]/2) <=30 mg/m2, however Zn and aluminum — mg/m2 it is . 

[0018] 

[Embodiment of the Invention] The gestalt of the operation of this invention to the following is 
explained to a detail. 
[0019] (1) Oxide film; 

Fe system oxide: Since there is an operation which controls the adhesion phenomenon over the metal 
mold of the increase of hardness and the plating layer of a plating layer front face when Fe system oxide 
is made to contain in an oxide film, make it contain as a principal component of an oxide film, as the 
gestalt of Fe system oxide — Fe 203 and Fe3 04 etc. ~ although it is, it is not necessary to limit to these 
[ for example, ] 

[0020] The content of Fe system oxide is 1 mg/m2 as Fe. In not filling, since it may be destroyed when a 
plating layer contacts metal mold, there is no press-forming nature improvement effect. They are 10 
mg/m2 preferably. It is above. 

[0021] The content of Fe system oxide is 500mg/m2 as Fe. If it exceeds, the supply of Fe ion for 
obtaining the coating weight of only this will be needed, and it will become disadvantageous in cost for 
a short time. For this reason, they are 500 mg/m2 as Fe. It considers as the following. Preferably, it is 
400 mg/m2. It is the following. 

[0022] Zn system oxide and aluminum system oxide: Each of Zn system oxides and system oxides of 
aluminum has the operation which raises the sliding nature of a plating layer and raises press-forming 
nature. For this reason, such oxide coating weight is mg/m2. The value calculated by (50+aluminum 
[ Zn/]/2) from Zn in the oxide which expressed with the unit, and/or the amount of aluminum is 1 
mg/m2. It considers as the above. They are 5 mg/m2 preferably. It is above. 
[0023] If the coating weight of Zn system oxide and aluminum system oxide increases too much, 
chemical conversion nature will deteriorate. For this reason, the coating weight of these oxides is 30 
mg/m2 as a value calculated by the above-mentioned (50+aluminum [ Zn/]/2). It considers as the 
following. They are two or less 20 mg/m preferably, here - the unit of Zn and aluminum - mg/m2 it is . 

[0024] About the plating steel plate which changed various presentations of an oxide, the above- 
mentioned formula investigates the sliding nature and chemical conversion nature, and is experientially 
called for from those results. That in which it has influenced the above-mentioned multiplier that the 
aluminum system oxide is harder than Zn system oxide before and after 10 times etc. is conjectured. 
[0025] as Zn system oxide — for example, ZnO and Zn (OH)2 etc. - as aluminum system oxide - 
aluminum 203 etc. - although it is, it is not necessary to limit to these 

[0026] (2) Surface roughness of an oxide film; when the irregularity on the front face of an oxide film is 
intense, the heights are crushed with metal mold in the time of press forming etc., and the deformation 
resistance may lead to the increment in coefficient of friction. Moreover, if it is destroyed when the 
oxide film of heights contacts metal mold, and a plating layer is exposed, a sliding nature improvement 
effect will be spoiled remarkably. In order to avoid such fault, the front face of an oxide film is made 
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smooth and it is necessary to make it the local increment in planar pressure not arise. 
[0027] By this invention, in order to realize this, surface roughness of an oxide film is set to 1.2 
micrometers or less by the arithmetic mean granularity (Ra) defined by JIS-B0601. Preferably, it is 0.9 
micrometers or less. 

[0028] (3) Plating layer; as a plating layer equipped with the oxide film of this invention, various kinds 
of well-known zinc system plating is applicable. For example, the metal kind of a plating layer can 
apply the zinc system alloy plating which consists of one sort in the group which serves as Zn from Fe, 
Mg, nickel, Cr, Si, Mn, and a misch metal, or two sorts or more besides Zn. 

[0029] In order to control development of the alloy layer in a base material steel plate and a plating layer 
interface and to receive the moldability of a plating layer, it is good for a plating layer to make 
aluminum contain. As for aluminum content in that case, it is desirable to consider as 0.05 to 0.30 % of 
the weight. Moreover, in order to raise the corrosion resistance of a plating layer, aluminum could be 
made to contain 70 or less % of the weight. 

[0030] When a plating layer is Fe-Zn alloying hot dip zincing, it is good for Fe content in a plating layer 
to consider as 8 - 1 5 % of the weight to the weight of a plating layer. When not filling Fe content to 8% 
of the weight, possibility that zeta phase remains near the front face of a plating layer is high, zeta phase 
tends to form a big and rough columnar crystal, the front face of a plating layer becomes coarse in that 
case, and the press-forming nature of a plating steel plate may be spoiled. It is 9 % of the weight or more 
more preferably. If Fe content exceeds 15 % of the weight, it will become easy to generate powdering at 
the time of press forming. It is 12 or less % of the weight more preferably. 

[003 1] When a plating layer is a zinc system alloy-plating layer containing alloy elements other than Fe, 
in the case of two or more sorts, it is good [ the content of the alloy element ] for the sum total to 
consider as 10 or less % of the weight 5 or less % of the weight per sort. 

[0032] The coating weight of plating is constraint of the ease or powdering of coating weight control not 
occurring, although it is arbitrary to per [ 30 ] one side - 150 g/m2. Carrying out is desirable. Although 
the class of plating is arbitrary, since it is cheap, hot dipping is suitable. However, electroplating, 
vacuum evaporationo plating, nonelectrolytic plating, etc. may be used. 

[0033] A cold rolled steel plate and a hot rolled steel plate are suitable for the class of steel plate used as 
a plating base material. The chemical composition of a base material can apply the alloy steel which 
made Si, Mn, P, Cr, nickel, Cu, Ti, Nb, V, etc. contain suitably, in order to manufacture the super-low 
carbon steel, the low-carbon steel, or the high intensity steel plate which made Ti, Nb, etc. contain if 
needed. What is necessary is just to perform hot dip zincing and alloying processing by the well-known 
approach. Any of only both sides of a base material or one side may give hot dip zincing. 
[0034] Although especially the oxide film formation approach in the zinc system plating steel plate of 
this invention is not specified, it is easy to manufacture by the following approaches, and it is suitable 
for it. 

[0035] First, in order to make a plating layer front face equipped with Fe system oxide, it is easy to 
process for the zinc system plating steel plate used as a base material to be immersed in a with a pH of 
about two to four which made Fe ion contain acidic solution about 1 to 30 seconds, and to make a 
plating layer front face carry out the permutation deposit of the Fe, and since cost is also cheap, it is 
desirable. In order to obtain predetermined coating weight for a short time, you may electroplate in the 
acidic solution which made Fe ion contain. 

[0036] that Zn system oxide holds the steel plate heated at 30-250 degrees C by temperature:30-250 
degree C and the high-humidity/temperature atmosphere beyond relative humidity: 80% after making a 
plating layer front face carry out specified quantity formation of the Fe system oxide ****-- ZnO and 
Zn (OH)2 etc. ~ the approach of applying the solution which made water distribute a zinc system oxide, 
and drying and giving is also suitable. 

[0037] for forming aluminum system oxide - the case of a zinc system oxide - the same - aluminum 
203 and aluminum (OH)3 etc. — it is good to apply the emulsion water solution which distributed 
aluminum system oxide, and to dry. Since aluminum contained in the plating layer oxidizes 
preferentially during the alloying processing performed after hot dip zincing when the zinc system 
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plating steel plate used as a base material is an alloying hot-dip zinc-coated carbon steel sheet which 
used the plating layer as the Fe-Zn alloy, this phenomenon may be used. In that case, since it is 
dependent also on aluminum content in a plating layer, the amount of aluminum system oxide is good to 
make aluminum concentration of the plating bath at the time of carrying out hot dip zincing into 0.09 % 
of the weight or more. 

[0038] In order to make surface roughness of an oxide film smooth, approaches, such as making smooth 
the front face of the alloying hot-dip-zincing layer before making smooth the front face of the base 
material before galvanizing or preparing an oxide film, are suitable. According to the approaches, like 
surface grinding and surface roughness perform slight rolling using a small roll, it is easy in order to 
make it smooth. 

[0039] "~\ 
[Example] Hot dip zincing was given on the conditions which use vertical mold hot-dip-zincing \ 
equipment for the cold rolled steel plate (base material) whose thickness which has the chemical 
composition shown in Table 1 is 0.7mm, and are described in it below. 
[0040] 

Table 1] 
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[0041] Hot dip zincing or a melting Zn-aluminum system alloy plating was performed to the above- 
mentioned base material on condition that the following. Hot dip zincing carried out cleaning washing 
of the base material with the 75 -degree C NaOH solution, and hydrogen gas 20 volume % and the 
remainder consisted of nitrogen gas, and it gave annealing which heats at 820 degrees C and is held for 
60 seconds in the ambient atmosphere of -40 degrees C of dew-points. Then, a steel plate is cooled to 
near the melting zinc plating bath temperature, after being immersed in the 460-degree C melting zinc 
plating bath which contains aluminum 0.07 to 0,3% of the weight for 2 seconds, high pressure gas is 
sprayed, and it is coating weight at per one side 60 g/m2 It adjusted, it cooled to ordinary temperature 
and the hot-dip zinc-coated carbon steel sheet was manufactured. Alloying processing which is 
immersed in a 500-degree C salt bath, and is further held for 15 - 30 seconds in some galvanized steel 
sheets was performed, and it considered as the alloying hot-dip zinc-coated carbon steel sheet. 
[0042] Moreover, other base materials were used, it was immersed in the hot-dipping bath which 
consists of Si Zn-5-% of the weight aluminum or Zn-55-% of the weight aluminum- 1.6% of the weight, 
and the melting Zn-aluminum system alloy -plating steel plate was produced. Each of various kinds of 
above-mentioned steel plates performed temper rolling after that using the reduction roll whose surface 
roughness is 0.3-1.5 micrometers. The elongation percentage in that case was made into 0.8%. 
[0043] It is FeS04 to the sulfuric-acid water solution which set the steel plate after temper rolling to 
pH2. It was immersed in the solution which it dissolved [ solution ] at a various rate and made Fe ion 
contain in the 10-100g [/l. ] range, and Fe was made to adhere to a plating layer front face. Temperature 
of the above-mentioned solution was made into 20-60 degrees C, immersion time amount was changed, 
and various coating weight was changed. Subsequently, the above-mentioned steel plate temperature 
was heated in atmospheric air to temperature various in the range of 30-200 degrees C, and it inserted in 
the processing tub which has an atmospheric gas ambient atmosphere with a% [ of relative humidity ] of 
98, and a temperature of 60 degrees C, held for 10 seconds, and oxidation of Fe and Zn was promoted. 
Moreover, the amount of aluminum in an oxide changed aluminum concentration of a plating bath, and 
was adjusted. 

[0044] The chemical composition of a plating layer extracted the test piece of 25mmphi from the plating 
steel plate after each temper rolling, dissolved the plating layer using the solution of hydrochloric acid 
which does 0.5 volume % content of the inhibitor of 10 % of the weight and marketing of HC1, and 
measured this by the ICP spectral-analysis method. 

[0045] The coating weight of an oxide film was immersed in the water solution (temperature is a room 
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temperature) which contains Br2-CH3 OH 0.5% of the weight in the test piece, dissolved the plating 
layer, separated residue, remelted it with the hydrochloric acid, and measured this by the ICP spectral- 
analysis method. 

[0046] The following approach estimated the engine performance of each plating steel plate. 
Powdering [-proof ] nature: Extract a disc-like test piece with a diameter of 60mm from a plating steel 
plate, and it is the slushing oil of marketing to the both sides 2 g/m2 At a rate, oiling was carried out and 
cupping was carried out on condition that punch diameter: 3 0mm, dice hole diameter: 3 5. 4mm, die- 
radius:3mm, and blank holder force: 500kgf. Washing removal of the piece of plating exfoliation 
adhering to mold goods was carried out, the weight of mold goods was measured, and the difference 
with the test piece weight before a cupping trial was evaluated as an amount of powdering of a plating 
layer. 

[0047] Sliding nature: The test piece with a width of face [ of 30mm ] and a die length of 270mm was 
extracted from the plating steel plate, and the high planar pressure U die-forming trial was carried out. 
[0048] Drawing 1 is the perspective view showing the outline of the testing device used for a high 
planar pressure U die-forming trial. For a test piece and 2, as for punch and 4, a dice and 5 are [ a sign 
1 / a bead and 6 ] blank holders in drawing 1 . A test piece 1 is placed on the 2nd page of a dice, various 
blank holder force is made to act on a test piece 1 through the bead 4 prepared in the inferior surface of 
tongue of a blank holder 6, a test piece 1 is pushed against a dice side, and a test piece 1 is fabricated in 
U mold by dropping punch 5 and stuffing a test piece 1 into the dice slot 3. It is the slushing oil of 
marketing to both sides of a test piece 1 2 g/m2 Apply at a rate and the pushing rate of punch 5 is 
considered as a part for 60mm/. The shaping force (F) in which it was made to act on the punch 5 at the 
time of changing the blank holder force (P) variously and doing U shaping of it in the range of 750- 
1500kgf was measured, it asked for coefficient of friction (mu) between a steel plate front face and a 
tool from change of the shaping force accompanying change of the blank holder force, and the size 
estimated the sliding nature of a plating layer. 

[0049] Chemical-conversion nature: The test piece was degreased and chemical conversion was 
performed using commercial processing liquid according to the predetermined procedure. The 
homogeneity of a chemical film was observed by SEM and the following criteria estimated chemical 
conversion nature. 
[0050] 

O : the coat is formed in homogeneity. 

**: There is a part in which the coat is not formed. 

x: The coat is not formed at all. 

The result obtained in Table 2 is shown. 

[0051] 

[Table 2] 
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2. *fti±*RW<D&fe+zmmfrznn*h<D-e&*zt£&?. 

[0052] Each thing which fulfills the conditions which this invention prescribes that Table 2 shows had 
low coefficient of friction, its amounts of powdering were few, and chemical conversion nature was 
excellent. On the other hand, as for that from which one of conditions separates, a synthetically good 
result was not obtained. 
[0053] 

[Effect of the Invention] Since a plating layer does not damage the zinc system plating steel plate of this 
invention at the time of press forming, the press-forming article excellent in the surface appearance is 
obtained the top where press forming is easy. Moreover, since chemical conversion nature is excellent, it 
is suitable for the application of an automobile, home electronics, a building material, etc. 
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